The FAIR facility, to be constructed at the GSI site in Darmstadt, will be addressing a wealth of outstanding questions within the realm of subatomic, atomic and plasma physics through a combination of novel accelerators, storage rings and innovative experimental set-ups. One of the key installations is the fragment separator Super-FRS that will be able to deliver an unprecedented range of radioactive ion beams (RIBs) in the energy range of 0-1.5 GeV/u to the envisaged experiments collected within the NuSTAR collaboration. This will in particular permit new experimental investigations of nuclear few-body systems at extreme isospins, also reaching beyond the drip-lines, using the NuSTAR-R 3 B set-up. The outcome of pilot experiments on unbound systems are reported, as well as crucial detector upgrades.
Introduction
The issues addressed within nuclear structure, astrophysics and reactions are of fundamental importance for our understanding of the subatomic world and numerous aspects of our universe. Unlike many other branches of science, there are not only a few, critical problems to be attacked but rather a multitude of interconnected questions, each highly relevant in its own respect. A few examples of these are: -How are complex nuclei built from their basic constituents? -What are the limits for existence of nuclei? -How does the nuclear force depend on varying proton-to-neutron ratios? -How to explain collective phenomena from individual motion? -Which are the nuclei relevant for astrophysics and what are their properties?
Radioactive ion beams (RIBs) covering a variety of nuclear species and energies as well as state-of-the art instrumentation are indispensable tools in the endeavour of attacking the issues above, as well as several additional burning topics within subatomic physics. It is therefore natural that the conception and construction of new and upgraded facilities providing RIBs is a major concern for science worldwide. In particular, the in-flight fragmentation method (see e.g. [1]) can provide energetic beams of exotic isotopes, regardless of chemical properties. It is the method of choice for RIB production at FAIR, using the fragment separator Super-FRS, being able to deliver an unprecedented range of radioactive ion beams (RIBs) in the energy range of 0-1.5 GeV/u. Consequently, a broad experimental programme utilising these beams are envisaged, under the umbrella of the NuSTAR (Nuclear Structure, Astrophysics and Reactions) collaboration. 
FAIR: Facility for Antiproton and Ion Research
The FAIR facility aims at being a world-leading facility within large domains of accelerator-based research with broad international participation. Through a complex of linear accelerators, synchrotrons, fragment separator and storage rings (see Fig. 1 ), beams of unprecedented intensity and quality of heavy ions, antiprotons and radioactive ions will be produced. The facility and all envisaged experiments are described in detail in [2] . FAIR will allow advancing the scientific frontier concerning our understanding of hot and dense nuclear matter (within the CBM project), the internal structure of hadrons (PANDA) and the structure of nuclei all the way out to extreme isospin (NuSTAR). Furthermore, the access to the high electromagnetic fields by relativistic heavy ions (HEDgeHOB/WDM) and highly charged ions (SPARC) will open up completely new avenues for atomic physics studies. A rich programme using slow antiprotons (FLAIR) is as well foreseen.
However, the financial constraints will not permit constructing the full FAIR infrastructure at once. Parts of the programme has been shifted to a later Phase B, and a recent modularisation scheme [3] will permit the step-wise construction of Phase A in six modules while already from an early stage involving virtually all scientific communities around FAIR.
Rare-Ion Production with the Super-FRS and the NUSTAR Programme
The existing FRS facility at GSI provides already today relativistic beams of exotic species through in-flight fragmentation of heavy ions. To be able to substantially improve the secondary beam intensities, a two-fold development is necessary: firstly to increase the primary beam intensities by faster cycling and by using lower charge states (thus decreasing the space-charge effects) in the SIS100/300 synchrotrons to be constructed. Secondly, by increasing the acceptance of the separator device, the Super-FRS. This is being achieved by substantially larger apertures of all ion-optical stages of the separator compared to the FRS which necessitates
